Effects of oxygen metabolites on rat alveolar type II cell viability and surfactant metabolism.
Neutrophil-derived reactive oxygen metabolites have been implicated as one mechanism for the cellular injury in the adult respiratory distress syndrome. Previous studies have demonstrated that alveolar lung fluid of patients with adult respiratory distress syndrome has abnormal composition and surface active properties. To examine the effects of oxygen metabolites on the viability and metabolism of type II alveolar pneumocytes, the cellular source of surfactant, isolated rat type II pneumocytes were exposed to reactive oxygen metabolites generated by the enzymatic action of xanthine oxidase upon hypoxanthine. Utilizing a 51Cr release assay to detect cellular death, we found that oxygen metabolites were lethal to type II cells in a dose-dependent manner. To demonstrate that oxygen metabolites were responsible for the toxicity, we assessed the protective effects of catalase and superoxide dismutase, scavengers of hydrogen peroxide and the superoxide anion, respectively. At a xanthine oxidase concentration of 50 mU/ml, catalase reduced the percentage of 51Cr release from 58.9 +/- 3.1% (SEM) to 7.2 +/- 2.3% (p less than 0.0001), whereas superoxide dismutase was without protection (58.9 +/- 3.1% versus 54.2 +/- 1.8% (p greater than 0.05). To determine whether oxygen metabolites also impair surfactant metabolism, we measured the incorporation of [3H]palmitate into the surfactant component disaturated phosphatidylcholine by type II pneumocytes. We found that sublethal amounts of generated oxygen metabolites caused a progressive decrease in the amount of [3H]palmitate incorporated into disaturated phosphatidylcholine. For example, using a xanthine oxidase concentration of 5 mU/ml (which causes no increased 51Cr release), we found that [3H]palmitate incorporation into disaturated phosphatidylcholine fell from a control level of 3.53 +/- 0.22 X 10(5) to 0.66 +/- 0.10 X 10(5) dpm/10(6) cells/4 hours (p less than 0.0001). Both catalase and superoxide dismutase protected the [3H]palmitate incorporation of oxygen metabolite-exposed type II cells. We conclude that reactive oxygen metabolites are injurious to type II pneumocytes and may result in impaired surfactant synthesis even at sublethal doses. Thus, oxygen metabolites generated by stimulated phagocytic cells may be responsible in part for the decreased surfactant that has been observed in adult respiratory distress syndrome.